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C) Int®Epr@tation of ox^-graphit® p®wd®r ndxture pux® 

I 

- graphit© powdex raixtux®* 

The j Vs pet reduction curves fox ore-graphite 
powder mixture (fig 6-1) (6-2) as well as -gr^hit® powder 

mis (fig 6-4) show th® two stage behaviour as reported earlier by 
Otsuka and kunll (flg» 1-3) , Th® rates of th® second stag® ars 
hi^@r compared to those in the first stage* The rates do not bscom® 
zero at 100 pet# reduction because of experimental errors. 

Otsuka and ktmil explain this ®ahsnc<K»®nt of ra+e in 
th® second stag® as du® to catalytic effect of reduced Iron ©n the 
rata of gasdliCatlon reaction* A confimation of their contentibas 
was that they found the activation ®ieigy to be hi^ (53-75) Kcal In 
the first stage and low (13-23 koal) i» the 8e€»nd stage. 

Fig 6-5 shows log Vs plots* For orsb^graphit© 

mljctur©, activation energy (i) ® 105 Kcal/mol® at 10 pci* reduction 
(first stag®) a « 70 Kcal/asl® 60 pot. reduction (second st- 
age). Noting that the activation energy of imcatalyaed gasification 
reaction Is 80-90 Keal/a»l«* the following points amergo. 

1, The reaction betweffla ore and graphite powder is controlled 
by the rate of gasification* 

2. Catalytic onhjmceBont of rate# pr^imiehly by reduced Iron Is 

occuiing iw the soccand stage* 

Fig, 6-5 also ^ws that the rates In ore graphite are 

mt .ubirt«U«Jly fwa thoM In F«jOj ^rayhit. 
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This Is sjqsectsd if gasification roaction is rat© controlling and 
therofor© oonfiz»e th© above conclusion no* 1* 

For Fe_0 graphite reaction^ no attaint was made to 
dotertaine th© aetivatien ®iergy sine© thero mre data only at tv® 


0) iP-tfiraretatioo for or^Denet.qrai9hite powder ad 

This dlfforod froa the ore powde^-graphlts powdor 
mlxtur© in th© following respects 

1, Th© Vs pot reduction curves ^ow on© poak at less than 

10 pet. reduction. Abova 30 pet reduction the rates are steady 
and lo«i®r« Therefor© thes® are marked by absence of 1^® enh^c®-* 
I9«tt at th® second stag® as in th® eas® with th© powder raixtui®, 
2 • -Activation energy Is lower (34-Kcal/©ol® for 20 pet* reduction 
17 Kcal/ffiol® for 60 pet. r^uctlon) coa^arod to those «d.th 
powder fsixtures. 

3. Th® rat® at 60 pet reduction is substantially less coapaiddio 
the 3^ for powder sdxtur®. 

4, The rates at 2) pet roduction are less at higher temperatursS 
but raor® at lower tea^eoratures c» 0 |)ared to those for powder 
laiKtura. 

The lowering of the rate may very well explained a® 
due to l#88 Oontaot ^irfaoo area In th© pallet grai^te oa^* The 
ebsenc# of a® enhane^aewnd otage aay h® due to of the 


following St 
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lo Gagiflcation reaction not controlling the rat® 

2 * The gasification reaction is Controlling, but either cata- 
lysed or meatalyzed lthrough6ut.£. The uncatalyzed cas® is 
ruled out because of the low activation energy. 

X4>w®rlng of the activation energy raay be due tos 

1, Ore reduction rat® controlling 

2, Gasification rate controlling, but catalyzed throughout the 
reduction period. 

3, Long range diffusion in graphite rate controlling. 

In order to clarify it further literature data ®n rate 
of reduction of iron oxides by esi^n a^oxide was pi^ed up fro® 
the investigations in the past. 

BiokiKtese and cle:^e (18) praqsared synthetic FeO 
(•12 to + ma^) fr®a {wr© ®nd Fe, than ooapactod this F®0 

^ a, 

and subjected it to reduction in CX) in packed bed by th® th®rwM3j(nc® 
technique. They could fit their rate data vdth the followinS 
equati<m>- 

c -c 

(l-(lp.f) t * (4.3 exp( *^^^ -^ ) X (-| — ) — 

e 

liiere F « fractional redaction 
t » time in minutes 

C a equlUbtiiaa concentration ©f C30 in oqullibrfua with 
e * 

Fe.O* Fe. 

A 

C » adtual eontantration of OD In sas stroa® 

2 



Snlth end IWcewsn (15) studied the kinetics of rechu 
ctlon of h©p:it® ©r© peUets of 1.5 *1.9 «a dia meter and porosity, 
fia 0.21 In pur© 00 and OOuH^ gas mixture by single pellet ther- 
mobalwric® technique. They fitted their rate equation as* 

t 

2i 


(15-12) 


K » rate eonstaint in mg/® /®in 
m original pellet radius 
» o^de density 

For pur© 00, K * Bejqp. ■ ) and values vier® 14.9 at 955®C dtd 

18.2 at 1038® C, 

Noting that in this investigation, pellet diameters 


that ^era were & pellots In each ©jgserlfflent, sots® sample ealculatlors 
«!©£• made as follows. 

i) Time takma to alter f from 0.4 to 0.8 was calculated fro® the 
equations of Bldcnese tf»d eloilt as well as Smith and ^dtewen* 

The gas was taken as pure 00. 

11) Assuming Cp/00- ratio to be 4»1, cai^btm loss rate and h^cS 


& 


e,f 


calculated. 


ill) 


The eorvespondlng loss of oxygen was calculated 


&f such calculations ax® presmted In fig. 6—5 
Zt may b® notad that the calculated rates are fairly dlose to those 
obtained fro® eaperiaants. Low ectlvation mesgy Is also expla- 
ined. Hence it is concluded that th® ore reduction stag© is cont- 
rolling the rat® of reduction between or© pellet ^d graphite, 

If not fully, at least partially. 



1) Oxygen 8«i8or was fabricated using CSZ as solid electrolyte, 

2) Sensor parforaance was tested In lalxtures (oxyg®i cone. 
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In the rar»g® 1 pct» 10 pest) and air in th® t^i^erature range of 
10K)®K -1250®K, Data obtained fall vdthln M pet of those ©stlraated 
fro® flow raster reading. In oast of the case© th® error was 
positively which indicates that th© source of error may b@ poor 
electrode contact. Also at low oxygen eonewttration th© scatter 
of flowaeter aay be the ether source of error, 

3) Using the flowneter above sensor* kinetics of reduction of 
iron ore by carbon was invest! f at ed.«323 mesh powder ^ m. 
Sintered pellets of Iron ores fro® Rajhara mines (ftitg) wa« 
used . Some experlaeats were ale© performed using pure Fe^O^ 
powder. The temperature r^ge of the experiments was 92S®C 

- lOSO^C. 

4) Cbmputer calculations were executed to obtain 00 fraction* pCt* 
reduction, cuaailatlve Carbon and oxygen wt. loss, and instanta- 
neous rates of carbon and oxygen rsffloval. 

9) ».««. l,dlMt.<l thrt th. eCCO^^ 



to th© r®actl(H» t^porature remained •fiozw' ©ven in th© oxy9^ 
sensoVa Therefore further calculations were don® by assuming th® 
equilibrluiB to be frozena Some correction procedares suer® used to 
got the specific rate of carbon li^ight loss ^ j) and pet* r®du- 
etiona 

6) Th® OS© 5»wd®3p-graphit« powder lalxtur® as well as pure J'® 2 ® 3 * 
gr^hito mixture two-stag® behavlora Second stage sfmw ernh^t* 
ced rat© of reduction presum^ly by catalyeisa Activation energy 
for the res«tlo8i is high* Itenc® gasification is c<mcluded to b® 
rate ocwatrolllnga 

7) The ere pollets-grofhit® mixture® show low activation energy snd 
r«luGtion rat©8 are also lower* Assuming ore reduction stage 

to bo rate controlling# rates of ore reductlwi In pure were 
caloilated based on th® literature Inforaatlw* These oalculatiwns 
are In good agre^aont vdth th® results calculate from the 
e]«>erimental data* This indicates that the ore reduction st^ 

Is at least partially rate controlling* 
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